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(54) Method of and apparatus for producing color proof 



(57) Halftone-dot area percentage data (ai) gener- 
ated from an image document (2) for at least three plates 
inducing three primaries are converted into respective 
bit map data (bi) with referring to respective threshold 
matrix (14). The bit map data (bi) are simultaneously 
referred to with respect to each of the pixels of a color 
printer (3) which is to output a color proof (CPb), and 
thereby the area percentages (a) are counted. Then, 
predetermined colorimetric data (Xi, Yi, 2) of the respec- 
tive colors are processed by the area percentages (d) 
as weighting coefficients, and the average tristimulus 
value data (X, Y, Z) are calculated. The calculated tris- 
timulus value data (X, Y, Z) are used as pixel data of input 
image data of the color printer (3). 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

The present invention relates to a method of and an apparatus for producing a color proof with either a color printer 
which forms pixel images on a sheet accortfing to a density gradation process or a color display monitor which foims 
pixel images on a display panel according to a luminance modulation process, before a printed color document of a haH- 
10 tone dot image is produced by a color printing press such as rotary presses or the tike. 

Description of the Related Art 

It has heretofore been customary to produce a color proof for examining and correcting colors before a printed color 
is document of a halftone dot image is produced by a color printing press. 

Color printers are used to produce color proofs because the color printers are relatively simple in structure and 
inexpensive to manufacture and can produce hard copies with images formed on sheets a plurafity of times in a short 
period of time since, as well known in the art, they do not need the production of process-plate films and presensitized 
plates which are required by color printing machines. 
20 FIG. 1 2 of the accompanying drawings shows the sequence of a conventional process of producing a color proof. 

According to the conventional process of producing a color proof, as shown in FIG. 12, an image on an image 
document 2 is read by an image reader such as a color scanner having a CCD area sensor or the like, and gradation 
image data la of each of the colors R (red), G (green), and B (blue) are generated from the read image in a step S1 . 

Thai, the RGB gradation image data la are converted by a color conversion process into halftone-dot area percent- 
25 age data aj of the four plates of respective colors C (cyan), M (magenta), Y (yellow), and K (back), where j = 0 ~ 3 (0 
represents the color C, 1 the cola M, 2 the color Y, and 3 the color K) in a step S2. The cdor conversion process has 
various versions corresponding to different color printing machines, and those versions are based on know-hows of 
various printing companies depending on their cdor printing machines. 

Images on printed color documents produced by the color printing machines are halftone-dot images. To produce 
30 a printed color document actually, hatftone-dot area percentage data aj produced by a color conversion process in the 
step S2 are developed into bit map data, and a process-plate f Bm or the like is generated based on the bit map data. 
Generafly, the process of generating process of the process-plate f 3ms and the presensitized plates is considerably 
complicated because a plurality of such machines as a photographic exposing machine and an automatic developing 
machine are required. 

35 In order to facilitate the production of a cdor proof CPa, a digital color printer (DP) 3 is employed. The DP 3 forms 
an image on a donor f flm by cfigitally controlling the intensity and time of emission of LED (lignt-emhting diode) light or 
a laser beam per pixel, and transfers the image from the donor film to an image-receiving sheet to form the image 
thereon. The DP 3 is much more inexpensive than a color printing machine which generates printing plates and produces 
a printed color document with the printing plates. The DP 3 is also smaller in volume and lighter in weight 

40 In order to employ the DP 3, it is necessary to convert the halftone-dot area percentage data aj of the four plates 
C, M, Y, K produced in the step S2 into image data (called "common color space data") independent of devices including 
a printing device, a CRT, a photographic device, an LED, etc., e.g., tristimulus value data X, Y t Z. 

Therefore, the ha!ftone<Jot area percentage data aj of the four plates C, M, Y, K are converted into tristimulus value 
data X, Y, 2 by a image data processing in a step S4. The image data processing may be carried out by a process which 

45 uses the Neugebauer's equation, for example. 

Prior to the step S4, colorimetric dataXS, Yi, Zi (i represents 2 4 = 1 6 colors for the four plates C, M, Y, K, i = 0 ~ 15) 
for the colors of printing inks are measured by a colorimeter in a step S3. For measuring the colorimetric data Xi, Yi, Zi, 
the 16 colors are printed on a print sheet which wiB be used to produce a printed color document by a color printing 
machine. The 16 colors correspond to the presence and absence of the respective colors C ( M, Y, K, which represent 

so a combination of 2 4 = 16 colors. 

Specifically; the 1 6 colors include the color W (white) which is present when nothing is printed on the print sheet, 
the primary colors C,M,Y,the color K (black), and the mixed colors C + M, C+Y, C + K.M + Y, M + K,Y+K, C + M + 
Y, C + M + K.C + Y + K, M+Y + K, and C + M + Y + K. The colors of reflections from the colors printed on the print 
sheet are measured by a colorimeter such as a spectrometer, for example, thereby producing the colorimetric data Xi, 

55 Yl.Zi. 

According to the process which uses the Neugebauer's equation, the colorimetric data Xi, Yi, Zi are multiplied by a 
coefficient of halftone-dot area percentage data bi (i = 0 _ 1 5), as shown below, thus producing the tristimulus value 
data X.Y.Z in the step S4. 
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X = £bi*Xi, (1) 

Y a Zb\ • Yi. and 

5 Z = Ebi • a 

The harftone-dot area percentage data bi of the 1 6 colors are determined from the halftone-dot area percentage 
data aj by the following probability calculating equations (2): 

10 , W = (1-c)(1-m)(1-yX1-ty (2) 

b1=c • (1-m)(1-y)(1-k), 

b2»(i-c) • m • (1-y)(1-k), 

15 

b3 = c • m • (1 - yX1 -k). 
b4 = (1 - c)(1 * m) • y • (1-k), 
so bS o c • (1 - m) ■• y • (1 - k), 

b6 = (1 -c) • m • y • (1 -k), 
b7 o c • m • y ♦ (1 - k), £ 

25 

b8 = (1-c)(1-m)(1-y) • k, 
b9*c • (1 -mX1 -y) • K 
30 b10 o (1 - c) • m • (1 - y) • k, 

b11 = c • m • (1 - y) • k, 
b12*(1-c)(1-m) • y • k, 

35 - - 

b13 bc • (1 -m) • y • k, 
. . . b14 o (1 - c) • m • y • k, and , . 

40 ...... .„.._ . b15ac * m • y • k 

In the equation (2), the halftone-dot area percentage data aj (j = 0 _ 3) are replaced with aO = c at = m, a2 y, 
a3 a k for an intuitive understanding where c, m, y, k represent halftone-dot area percentage data for the respective 
plates. In the equation (2), b3, for example, represents the area percentage data for the color C + M, which can be 

45 determined by the probabilistic multiplication of the probability c that the plate C is present, the probability m that the 
plate M is present, the probability (1 - # that the plate Y is not present and the probability (1 - 10 that the plate K is not 
present Therefore, the Neugebauer's equation (1) can be interpreted as an equation based on a theory of probability. 

The tristimulus value data X, Y, Z generated according to the equation (1) are supplied to the DP 3. The DP 3 
converts the tristimulus value data X, Y, Z into data of the three primaries with respect to the LED or the like, i.e., image 

so data depending on the devices, which may also be called inherent color space data, based on a look-up table (LUT), 
and generates the color proof CPa, which is a hard copy with an image formed on a sheet based on the image data. 

In the case where the tristimulus value data X, Y, Z for the DP 3 are generated accord ng to the Neugebauer's 
equation, the colors of a printed color document to be produced can accurately be reproduced in the image on the hard 
copy because the colorimetric data measured by a colorimeter as representing the colors of an image to be formed on 

55 the printed color document by the color printing machine are employed. However, since a recording medium composed 
of print sheets and printing inks that are used by the DP 3 is dfferent from recording mediums which are normally used 
by actual color printing machines, it has been impossible to reproduce the same finish as that of the printed color doc- 
ument on the color proof CPa. 
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Specifically, various sheets which are available for use as printed color documents include sheets of art paper, coat 
paper, wood-free paper, etc., that are used depending on applications, and have different surface textures and exhibit 
different manners in which printing inks are spread thereon. There are also available different types of printing inks which 
present different finishes in relation to sheets for use as printed color documents. Since the user determines a recording 
5 medium depending on the image or material to be printed thereon, it is important to generate color proof CPa in view 
of the above elements or factors of the recording medium. 

Another problem is that a peculiar pattern (hereinafter referred to as an "image structure" or a "false pattern" ) caused 
by an interference stripe such as moir6, a rosette image, or the like which appears on a printed color document cannot 
be reproduced in the image on the hard copy. 
10 tf such a false pattern actually appears on a printed color document then it should also accurately be reproduced 
on a color proof CPa. Generally speaking, the conventional color proof CPa which fails to reproduce a false pattern 
thereon cannot be said as a truthful proof for a printed color document 

It is believed that no false pattern can be reproduced on a hard copy produced by the DP 3 because the Neugebauer*s 
equation is a kind of theory of probability. 

75 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to provide a method of and an apparatus for producing a color proof 
truthfully depencfing on a recording mecfium composed of a print sheet and printing inks that will be used to produce a 
20 printed color document 

A major object of the present invention is to provide a method of and an apparatus for producing a color proof which 
accurately reproduces a false pattern such as moire or the like that is to appear on a high-resolution printed color doc- 
ument with a relatively inexpensive and relatively lew-resolution color printer. 

The above and other objects, features, and advantages of the present invention will become more apparent from 
25 the following description when taken in conjunction with the accompanying drawings in which preferred embodiments 
of the present invention are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 FIG. 1 is a flowchart of a process of producing a color proof with respect to a printed color document, the process 
including a processing sequence according to an embodiment of the present invention; 
FIG. 2 is a diagram illustrative of the generation of general bit map data for producing a printed color document, in 
the process shown in FIG. 1; 

FIG. 3 is a block diagram of an arrangement for generating a color shift correcting look-up table for correcting a 

35 color shift produced by an image structure simulation; 

FIGS. 4A and 4B are diagrams illustrative of the generation of average colorimetric data from relatively high-reso- 
lution bit map data for producing a printed color document in the process shown in FIG. 1 ; 
FIG. 5 is a diagram showing the matrix structure of an anti-aliasing filter; 
FIG. 6 is a diagram showing the frequency response of the anti-aliasing filter; 

40 FIGS. 7A and 7B are diagrams illustrating the manner in which the colorimetric data are processed by the anti- 
aliasing fflter; 

FIG. 8 is a block diagram illustrative of the generation of color shift corrective data upon use of a color printer; 
FIG. 9 is a diagram illustrative of a standard deviation LUT for correcting a threshold matrix according to recording 
mediums; 

45 FIG. 1 0 is a flowchart of another counting process; 

FIG. 1 1 A is a diagram of bit map dat&trf one pixel of a plate C; 

FIG. 11B is a diagram of bit map data of one pixel of a plate M; and 

FIG. 12 is a flowchart of a conventional process of producing a color proof. 

50 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A method of and an apparatus for producing a color prod according to the present invention will be described below 
with reference to the accompanying drawings. Those parts or steps shown in FIGS. 1 through 1 1A, 11B which are 
identical to those shown in FIG. 1 2 are denoted by identical reference characters, and will not be descrfoed in detail below. 
55 FIG. 1 shows a process of producing a color proof CPb with a color digital printer (DP) 3 according to an embodiment 
of the present invention, with respect to a printed cdor document 1 2 which is produced by a general color printing system 
11. 

The general color printing system 1 1 will first be described below. 
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In the general color printing system 1 1 , an image on an image document 2 is read by an image reader such as a 
color scanner having a CCD area sensor or the like, and gradation image data la of each of the colors R (red), G (green), 
and B (blue) are generated from the read image in a step S1. The CCD area sensor or the like has a resolution which 
may be selected to be of 400 DPI (Dots Per Inch), for example. One dot corresponds to one pixel according to a density 
s gradation process (continuous tone process) with 256 gradations or the like. 

The pixel data of the gradation image data la of RGB are then converted by a color conversion process into hafftone- 
dot area percentage data aj of the four plates of respective colors C (cyan), M (magenta), Y (yellow), and K (black) in a 
step S2. The color conversion process has various versions depending on different color printing machines, as described 
later on. H no UCR (Under-Color Removal) process is carried out then the gradation image data la of RGB may be 
10 converted into halftone-dot area percentage data aj of the three plates of colors C, M, Y. If the color Y is not present on 
a printed color document 12, then the gradation image data la of RGB may be converted into halftone-dot area percent- 
age data aj of the two plates of colors C, M. 

Four threshold matrixes (also called "threshold templates") 1 4 having a resolution of about 2000 DPI (in the illustrated 
embodiment, a resolution of 1600 DPI for an easier understanding) and a desired screen angle and screen ruling with 
is respect to each of the four plates C, M, Y, Kare referred to for comparing each threshold of each element of the threshold 
matrixes 14 with the values of the gradation rnage data la, thereby converting the values of the gradation image data 
la into binary data having a value of "0" or "1", i.e., bit map data bj» in a step S5. The screen angles of the threshold 
matrix 1 4 for the plate Y and the threshold matrix 1 4 for the plate M, for example, have an angle difference of 45° or the 
lika Actually, the screen angles of the threshold matrix 14 for the four plates C, M, Y, K have angle differences of 75°, 
20 45°, 0°, 15° or the ike from a reference. The screen ruling is 1 75 in this embodiment 

FIG. 2 schematically shows the threshold matrixes 1 4, etc. for illustrating the generation of bit map data in the step S5. 

In FIG. 2, a process shown between two uppermost blocks illustrates a conversion from one dot of halftone-dot area 
percentage data aj of 400 DPI into 16 dots of bit map data bj of 1600 DPI. 

If one dot of halftone-dot area percentage data aj belongs to the plate C, for example, and the value of the halftone- 
's dot area percentage data aj is represented by 256 gradations, with aj « 77 (corresponding to 30 % according to the 
percentage representation), then it is compared with the threshold matrix 14 for the plate C. The threshold matrix 14 is 
composed of thresholds T arranged in a involutional pattern in the matrix elements. While the threshold matrix 1 4 will 
not be descrfoed in detail as it has no direct bearing on the present invention, it is hypothetically established and produced 
by extracting and reconstructing corresponding portions of a threshold matrix which corresponds to one halftone dot 

30 where the thresholds T of 8-bit gradations of 0, 1 , 2 254, 255 are arranged in a convolutional pattern from the center, 

or a so-called supercell (one threshold matrix corresponding to nine halftone dots). 

As is well known in the art the generation of bit map data bj, i:e., the conversion of the values of the gradation image 
data la into binary data, is earned out according to the following formulas (3), (4): 

35 — aj>T-»1 (3) 

. . ai *t-*o (4) 

In this manner, the bit map dab bj corresponding to the pixel of the plate C, i.e., the pixel whose halftone-dot area 
40 percentage data aj is aj = 77), shewn in a lowermost block in FIG. 2, are generated. As described above, the threshold 
matrixes 14 for the plates M, Y, K have respective screen angles selectable with respect to the threshold matrix 14 for 
the plate C. 

The bit map data bj are then processed by a plurality of such machines as a photographic exposing machine, an 
automatic image developing machine, etc. in a step S6 (FIG. 1), producing four process-plate films 16 having halftone 
45 dot images as block copies and presensitized plates 1 7 as printing plates. 

Finally, using the presensitized plates 1 7, a printed color document 1 2 composed of a halftone dot image is produced 
by a color printing machine having a rotary presses according to a printing process in a step S7. 

The halftone dot image on the printed color document 12 contains an interference stripe, known as a so-called 
image structure, such as moir6, a rosette image, or the Oke which does not appear on the image document 2 and which 
so is caused by the threshold matrixes 1 4 having different screen angles, and the printed color document 12 has a peculiar 
finish such as a coarse surface finish, a gloss finish, color variations, etc. owing to the nature of the print sheet and 
printing inks that are used. 

According to the present invention, the peculiar finish that the printed color document 12 produced by the general 
color printing system 1 1 has due to its recording medium is accurately reproduced on the color proof CPb. 
ss The image structure of the printed color document 1 2 can accurately be reproduced when an image structure sim- 
ulation process (described in detail later on) is carried out in a step S8. 

Since a cdor shift occurs when the image structure is reproduced, a color shift correcting look-up table (LUT) 21 is 
required to correct such a color shift A color shift correcting LUT 22 is also required to correct a color shift which is 
produced because a color reproduction range of the DP 3 and a color reproduction range of the color printing machine 
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differ from each other (Usually, the color reproduction range of the DP 3 is smaller than the color reproduction range of 
the color printing machine). 

Data corrected bythe color shift correcting LUTs21 t 22 are common color space data described abova The common 
color space data are corrected depending on the print sheet using a print sheet correcting LUT 26 as described in detail 
later on, and thereafter converted into color space data inherent in the DP 3 by a LUT 23. The color space data thus 
converted are sipplied to the DP 3, which then generates the color proof CPb which accurately reproduces the image 
structure and colors. 

Generation of the color shift correcting LUTs 21 , 22 will now be described below. 

FIG. 3 shows an arrangement for generating the color shift correcting LUT 21 for correcting a color shift produced 
by the image structure simulation process in the step S8. 

For generating the color shift correcting LUT 21 , a color reproduction predicting process in a step S2 1 and the image 
structure simulation process in the step S8 are first carried out. 

The color reproduction predicting process in the step S21 may be the process using the Neugebauer's equation, 
as described above, or a process in which when the halftone-dot area percentage data aj of each of the four plates C, 
M, Y, K are varied by a given value (%), a plurality of color samples printed on the printed color document 1 2 are measured 
by a colorimeter, and colorimetric data in a CIE colorimetric system of each of the color samples, e.g., colorimetric data 
Xi, Yi, Z which are tristimulus value data, are determined by an interpolation process, after which a look-up table or 
corrective function composed of the colorimetric values measured by the colorimeter and the colorimetric data deter- 
mined by the interpolation process, which are addressable by the halftone-dot area percentage data aj as input data, is 
produced. In either of these processes, it is necessary at least to measure the colorimetric data Xi, Yi, 23 (i represents 
2 4 m 16 colors for the four plates C, M, Y, K) for each color with a colorimeter (see a step S3 in FIG. 10). 

In the color reproduction predicting process in the step S21 , colorimetric data a are obtained according to the equa- 
tions (1), (2) and using the colorimetric data Xi, Yi, Zt, with respect to the halftone-dot area percentage data aj having 
a resolution of 400 DPI which are supplied from an input terminal 51 (see FIG. 3). 

In the image structure simulation process in the step S8, bit map data peculiar to the image structure simulation 
process are generated in a step S22. 

Specif ically, threshold matrixes 24 whose resolution is higher than the resolution of the threshold matrixes 1 4 shown 
in FIG. 2 are selected depending on the screen ruling and screen angles which are the same as those of printing con- 
ditions storied from an input terminal 52. The threshold matrixes 24 are selected in order to increase the resolution of 
bit map data b]. Since the screen ruling and screen angles of the threshold matrixes 24 are necessarily the same as 
those of the printing conditions for reproducing moir6, etc., the screen riding of the threshold matrixes 24 is 175, and 
the screen angles of the of the threshold matrixes 24 for the plates C, M, Y K have angle differences of 75°, 45°, 0°, 1 5° 
or the like from a reference, as described above. 

In order to increase the resolution, the threshold matrixes 24 for generating halftone dots have elements 256 x 256 

= 65536. The threshold in each of the elements may takeeither one of values of 1, 2, 3 255, for exampla The 

threshold matrixes 24 and the halftone-dot area percentage data aj are compared with each other, thus generating bit 
map data b] in a step S10. 

The bit map data b] for the plates C, M, Y, K have a resolution of 44800 (256 x 1 75) DPI. 

Then, the bit map data bl of 44800 DPI are converted into data of 1 600 DPI. For converting the bit map data bl of 
44800 DPI, a counting process is carried out in a step S1 2 by counting 28 x 28 (= 784) dots of the bit map data b] and 
converting them into one dot of count data p. 

For illustrating the counting process in the step S12, 28 x 28 dots of the bit map data b) for the plate C are shown 
in FIG. 4A, and 28 x 28 dots of the bit map data b] for the plate M are shown in FIG. 4B. ft is assumed that all non- 
illustrated elements in FIGS. 4A and 4B have a value of "0" and all elements of the remaining bit map data b r j for the 
plates Y, K also have a value of "0". 

With respect to the 28 x 28 dots, the bit map data b'j for the four plates C, M, Y, K (in this example, the bit map data 
b] for the two plates C, M) are simultaneously referred to, and area percentages ct for the respective colors, i.e., the 2 4 
= 16 colors because there are four plates, are counted. 

For the pixels (corresponding to 28 x 28 dots) shown in FIGS. 4A and 4B, the area percentages ci for the respective 
colors are calculated as follows: 

Color C;d = c c =3/784 

(The area percentage c c represents an area where only the color C is present when the colors C, M are super- 
posed and viewed in a transmissive manner, and an area where the colors C, M are stperposed is represented by the 
area percentage Cq+ m of the color C + M = B. ) 

Color C + M;Cc, M =2/784 
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Color W;c w = 779/784 

(This area percentage Cyv represents an area where neither the color C nor the color M is present when the 
colors C, M are superposed and viewed in a transmissive manner.) 
5 Remaining colas (13 colas such as the colors Y, K, etc.); The area percentage ci of these remaining colors is nil. 
When the area percentage ci per each group of 28 x 28 dots is thus generated, the count data p (each element 
value is represented by the area percentage ci) of 1600 DPI are generated. 

Then, the colorimetric data Xi, Yi, 2 (i represents 2 4 = 16 colors for the four plates C, M, Y, K) of each of the 16 
colas printed by the printed color document 12, which have been measured by the colorimeter in the step S3, are 
10 processed into colorimetric data q (tristimdus value data X, Y, Z) using the area percentages ci for the respective colors 
counted in the step S12 as a weighting coefficient, according to the equation (5) gven below in a step SI 3. Stated 
otherwise, the weighted mean of the colorimetric data Xi, Yi, Zi is calculated with the area percentages ci for the respective 
colors, thus determining tristimulus value data X, Y Z (colorimetric data q). 

is X=£ci-Xi 

o (3/784)X c + (2A784)X ^ + (779/784)X w ( ' 

YoEd*YL. 

20 o(3/784)Y c + (2^84)Y c+M + (779/784)Y w 

Z = Eci • Zi 
= (3/784)Z c + (2/784)Z ^ + (779/784)Z w 

25 

When the counting process in the step S1 2 and the weighted-mean determining process in the step S1 3 for each 
grotp of 784 (28x28) dots are carried out in the full range of the bit map data b] of 44800 DPI, the colorimetric data q 
of 1600 DPI are obtained. 

Then, the obtained colorimetric data q of 1600 DPI are processed by an anti-aliasing ffter AF shown in FIG. 5 into 
30 coforimetric data p (tristimulus value data X, Y Z) of 400 DPI which is equal to the resolution of the DP 3 in a step S1 4. 
The anti-aliasing filtering process in the step S14 is inserted to avoid, in advance, aliasing noise which would be 
introduced due to the resolution of the DP 3 when the color proof CPb is to be generated with the resolution (400 DPI 
in this embodiment) of the DP 3. Fa effectively carrying out the anti-aliasing filtering process, H is necessary that the 
resolution of the image data (the colorimetric data q) which is an original signal to be processed by the anti-aliasing filter 
35 AF be higher than the resolution (400 DPI) of the DP> In this embodiment the resolution of the image data (the 
colorimetric data q) to be processed by the anti-aliasing filter AF is set to 1 600 DPI. 

The structure of a matrix (a square matrix of n x n elements) of the anti-aliasing f Bter AF shown in FIQ. 5 will be 
analyzed below. " 

Generally, for converting the colorimetric data q which are image data having a resolution of 1600 DPI into the 
40 colorimetric data p which are image data having a resolution of 400 DPI, since one dot of 400 DPI corresponds to 16 
dots of 1 600 DPI, the minimum number of elements of a filter with no anti-aliasing capability is 4 x 4. 

To minimize aliasing noise, the number of elements of the anti-aliasing filter AF should preferably be as large as 
possible, but is limited by the operating speed, hardware, etcJhereof. 

As can be analogized from the fact that cola information can be reproduced by the Neugebauer's equation, the 
45 anti-aliasing filter AF is required to have such frequency characteristics that it will produce as small an insertion loss as 
possible in the vicinity of DC components because it is necessary fa the anti-aliasing filter AF to pass components of 
relative low frequencies including DC components. Therefore, the response of the anti-aliasing filter AF at the center of 
the matrix should ideally be 0 dB. 

An interference stripe component such as of moir6, Le., a component which is 1/2 or less of the screen frequency 
so (screen ruling) component, should remain unremoved in its entirety after the anti-aliasing ffltering process in the step S1 4. 
The anti-aliasing filter AF should be designed also in view of the fact that if the attenuation curve of the anti-aBasing 
filter AF is sharp, then a new false pattern will appear due to the anti-aliasing filtering process. 

The structure of the anti-aliasing filter AF shown in FIG. 5 is composed of 9 x 9 elements designed in view of the 
above considerations. If the elements are represented by "dij", then the sum of the values (also called filter coefficients) 
55 of the respective elements clij need to be 1 .0. Therefore, the actual value of each of the elements dq is divided by the 
sum (Edcij) of elements dcij. 

The filter coefficients of the anti-aliasing filter AF thus constructed are arranged such that as shown in FIG. 5, its 
frequency characteristics provide a bell-shaped attenuation pattern which is monotonously reduced from the center 
toward the outer edges. 
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FIG. 6 shows the frequency characteristics of the anti-aliasing filter AF. In FIG. 6, the horizontal axis represents the 
resolution of the anti-aliasing filter AF with a value of 1 .0 standardized by the resolution Ra = 400 DPI of the DP 3. The 
screen ruling of 1 75 which is the screen frequency is standardized at a value of 0.44. The vertical axis in FIG. 6 represents 
the response of the anti-aliasing filter AF with a central element dss « 1 21 being standardized at a value of 1 .0 
5 As can be seen from FIG. 6 that the anti-aliasing filter AF shewn in FIG. 5 has a response of about 0.23 at the 
resolution of 1 .0, and a response of about 0.77 at the resolution of 0.44. 

As a result of an analysis of various examples, rt has been understood that if the response is 0.5 (50 %) or more 
when the resolution is equal to or less than the screen frequency (corresponding to the screen ruling) and if the response 
is 0.3 (30 %) or less when the resolution is equal to or more than the resolution of 1 .0 of the color digital printer (DP) 3, 
10 then an interference stripe such as moire appearing on the printed color document 1 2 can be reproduced on the color 
proof CPb, and any aliasing noise can be made small enough not to be visually recognized. 

The structure of the matrix (the square matrix of n x n (9 x 9) elements) of the anti-aliasing filter AF has been 
described above. 

FIGS. 7A and 7B are illustrative of the manner in which the colorimetric data are processed by the anti-aliasing filter 

75 AF. As shown in FIG. 7A, 9 x 9 dots in an upper left portion of the colorimetric data q of 1600 DPI are associated with 
the anti-aliasing filter AF of the 9 x 9 matrix whose elements are represented by dij as shown in FIG. 5, and the corre- 
sponding elements are multiplied, after which the sum of the products is determined. In this manner, the anti-aliasing 
filtering process is carried out More specifically, if each of the elements of the colorimetric data q is represented by eij t 
then E(dij x eij) (for the 9 x 9 elements) is calculated, and used as colorimetric data p having a resolution of 400 DPI. 

20 While the sum of the anti-aliasing filter AF is standardized at Idij = 1 as descrtoed above, since multiplications involving 
decimal fractions are time-consuming, the values shown in FIG. 5 may be used as the values of the elements of the 
anti-aliasing ffter AF, which are then represented by dij, and L(cfij x eij)/ Ldlj may be determined as a value produce 
as a result of the anti-aliasing f Stering process. 

Because the anti-aliasing filtering process converts colorimetric data q having a resolution of 1 600 DPI into colori- 

25 metric data p having a resolution of 400 DPI, the second anti-aliasing filtering process on the colorimetric data q may 
be carried out by shifting the anti-aliasing fSter AF by 4 dots of the colorimetric data q to the right, for exam^ 
in FIG. 7B. Similarly, the anti-aliasing f itering process is successively effected by shifting the anti-aliasing titer AF by 4 
dots. After the anti-a&asing filtering process is carried out in a position equal to the right-hand end of the colorimetric 
data q, a fifth element e$<\ from above shewn in FIG. 7B is associated with an element di 1 of the anti-aliasing filter AF, 

30 and then anti-aliasing filtering process is successively effected by shifting the anti-aiasing filter AF by 4 dots until an 
element e^ 6001 eoo te associated with an element dgg. In this fashion, the colorimetric data q of 1 600 DPI can be converted 
into the colorimetric data p of 400 DPI with its resolution reduced from the resolution of the colorimetric data q. The anti- 
aliasing filtering process may be defined as a filtering process for cutting off a spatial frequency response inherent in 
the DP 3 while maintaining a spatial frequency response inherent in the printing screen for the color printed material 1 2. 

35 Then, color shift corrective data y for correcting a color shift caused by the image structure simulation process in 
the step SB are generated from the colorimetric data p generated in the step S8 and the colorimetric data a generated 
in the step S21 , in a step S25 (see FIG. 3). The color shift corrective data y which appear at an output terminal 53 shown 
in FIG. 3 can be obtained by a simple mathematical calculation as a colorimetric data cfifference p - a (= y) or a color- 
imetric data ratio alp (= y) . 

40 When the color shift corrective data y thus generated are supplied from an input terminal 54 shown in FIG. 1 , the 
color shift correcting LUT 21 can be generated. 

The generation of the color shift correcting LUT 21 for correcting a color shift caused by the image structure simulation 
process in the step S8 has been deserted above. 

FIG. 8 is illustrative of the generation of color shift corrective data LUT 22 for correcting a color shift that is produced 
45 when the DP 3 which has a smaier color reproduction range than the color reproduction range of the color printed 
document 12 is used. 

The halftone-dot area percentage data aj supplied to an input terminal 51 are converted into colorimetric data p by 
the image structure simulation process in the step S8, and corrected colorimetric data 6 (for example, 8 « p - y » a , or 
6 = p x y = a)are produced by correcting a color shift caused by the image structure simulation process with the color 
so shift correcting LUT 21. 

Since the corrected colorimetric data 6 are common color space data, which may for example be tristimulus data 
X, Y, Z, they are converted into color space data inherent in the DP 3, La, RGB data in this case, with the LUT 23. Based 
on the RGB data thus produced, a preliminary print proof CPa is generated as a hard copy by the DP 3. 

Then, the preliminary print proof CPa is measured by a colorimeter, producing colorimetric data £ in a step S26. 
55 Color shift corrective data t| for correcting a color shift caused by the use of the DP 3 are generated from the colorimetric 
data C and the colorimetric data 6 in a step S27. The color shift corrective data r\ which appear at an output terminal 55 
can also be obtained by a simple mathematical calculation as a colorimetric data difference 6 - £ (= ti) or a colorimetric 
data ratio £/5 (=tj) . 



8 



EP 0 720 351 A2 



When the color shift corrective data n thus generated are supplied from an input terminal 56 shown in FIG. 1 , the 
color shift correcting LUT 22 can be generated. 

For generating the printed color document CPb subsequently to the above preparatory procedure, a color shift 
caused by the image structure simulation process in the step S8 is corrected by the color shift correcting LUT 21, thus 
5 producing colorimetric data 6, and then a color shift caused by the use of the DP 3 is conrected by the color shift correcting 
LUT 22, thus producing colorimetric data 6 which are free of cola shifts. 

The color printing system 1 1 shown in FIG. 1 employs a certain print sheet and printing inks that are specified by 
the user for use as the printed color document 12. The print sheet has its own coarse surface finish, gloss finish, or 
property that determines the manner in which printing inks are spread thereon, depending on the type of the print sheet, 
ro The printing inks may produce different printed conditions dependng on the selected print sheet The DP 3 which pro- 
duces the printed color document CPb usually poses certain limitations on the types of print sheets and printing inks 
that can be used therewith. For these reasons, it is practically impossible to produce the printed color document CPb 
with the same recording mecfium as the recording medium that is used in the color printing system 11. 

According to this embodiment when the halftone-dot area percentage data aj are oonverted into bit map data in 
is the step S22 in the image structure simulation process in the step S8, the threshold matrixes 24 are adjusted depend ng 
on the print sheet and the printing inks as shown in FIG 3. 

Specifically, the manner in which the printing inks are spread on the print sheet depends on the surface character- 
istics of the print sheet used, and/a the type of the printing inks used. The manner in which the printing inks are spread 
on the print sheet is visually recogni2ed as a rnicroscopie behavior of pixels of the printed color document 1 2. As shown 
20 in FIG 9, the manner in which the printing inks are spread on the print sheet is established as a parameter relative to 
combinations of print sheets and printing inks. Values of the parameter are experimentally determined, and stored in a 
standard deviation LUT 28 as a standard deviation SD for limiting a range in which random numbers RN vary. The 
standard deviation SD shown in FIG. 9 is of values when the halftone-dot area percentage data aj range from 0 to 255. 
If the halftone-dot area percentage data aj are in the range from 0 to 100 %, then the standard deviation SD is set to 
25 SD72.55. „ . 

When printing concfitions depending on the print sheet and the printing inks are determined, the standard deviation 
SD as the corresponding parameter is selected from the standard deviation LUT 28, and supplied to a random number 
generator 30 (see FIG. 3). The random number generator 30 generates random numbers RN whose average is 0 and 
which is in the variation range according to the standard deviation SD t and adds the random numbers RN to the threshold 
30 matrixes 24. The thresholds T (i, j) of the threshold matrixes 24 are now corrected as: 

T(i,0oT0.j) + RN(SD) (6) 

and compared with the halftone-dot area percentage data aj in the step S10. As a result, it is possHe to obtain bit map 

35 data b] which reflects the manner in which the printing inte are spread on the print sheet 

According to the present embodiment, after the bit map data b r j which includes the manner in which the printing 
inks are spread on the print sheet are generated, they are processed by the counting process in the step S12, the 
weighted-mean determining process in the step $13, the anti-aliasing ftitering process in the step S14, and the color 
shift correcting processes with the color shift correcting LUTs 21 , 22. Thereafter, the conrected data are further corrected 

ao in a global range depending on the type of the print sheet, using the print sheet correcting LUT 26. 

The printed color document 12 has a peculiar finish depencfing oh the scattering of fight on the surface thereof, 
(which may be visually perceived as a coarse surface finish, a gloss finish, or the like), and also depending on density 
variations due to local thickness differences of the sheet. Corrective data for reproducing the peculiar finish depending . 
on these print sheet properties are measured in advance, and stored in the print sheet correcting LUT 26. Since the 

45 peculiar finish of the printed color document 1 2 is visually recognized as a coarse surface finish in a relatively large area 
spreading equally over the entire surface of the printed color document 1 2, it can be reproduced by processing halftone 

dot data. - - — 

The print sheet correcting LUT 26 is generated, for example, by producing a solid color image having a halftone- 
dot area percentage of 100 % with a resolution of 1600 DPI on a given print sheet, and measuring the density of each 

so of the pixels in a certain area of the solid color image, thus producing colorimetric data Y (i, j). For example, if a sheet 
of coat or art paper is used, then the density of each of 189 x 189 pixels in a square area of 3 mm x 3 mm is measured, 
producing a matrix of measured values. If a sheet of wood-free paper is used, then density of each of 630 x 630 pixels 
in a square area of 1 cm x 1 cm is measured, producing a matrix of measured values. Thereafter, the densities of the 
pixels in the given area are averaged, and the ratio of the measured value of each of the pixels to the average density 

55 is determined, and used as corrective data MY (i, j). K a sheet of coat paper is used, then ft, j) is in the range from (0, 
0} to (188, 188). The corrective data MY (i, j) are established with respect to each of the print sheets, and stored in the 
print sheet correcting LUT 26. 
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The colorimetric data 6 (= X (i, j), Y (i, J*). Z (i, j) whose color shifts have been corrected by the color shift correcting 
LUTs 21, 22 are corrected by the print sheet correcting LUT 26 depending on the print sheet used, according to the 
following equation (7): 

5 X* (i t j") = X (i, j) • MY(i.j) (7) 

Y(i fJ >Y(i.O • MY(i.D 
Z* (i, j) = Z (i, j) • MY (i, j*) 

to 

As a consequence, it is possfole to obtain colorimetric data e'(= X* (i, j), V (i, j), Z* (i, D which are capable of 
producing a finish depending on the print sheet The corrective data MY (i, j) in the equation (7) are of a value with 
respect to the tristimulus value data Y which indicate the brightness of fight However, the corrective data may be estab- 
lished with respect to each of the tristimulus value data X, Y, Z. 

is The colorimetric data 6' thus corrected are then converted into RGB data by the LUT 23 (see FIG. 1). An image on 
a hard copy that is generated by the DP 3 based on the RGB data, i.e., a color proof CPb, has its colors in conformity 
with those of the printed color document 12, and the image structure of a halftone dot image can be reproduced on the 
color proof CPb. The color proof CPb thus reproduces thereon an interference stripe such as motr6, a rosette image, 
or the like which is substantially the same as that which appears on the printed cola document 12, i.e., an image 

20 structure. The color proof CPb also reproduces a finish that depends on the print sheet and the printing ink used. 

Though the resolution of the DP 3 has a relatively low value of 400 DPI, it is posstole to reproduce, on the printed 
color document 12, substantially the same interference stripe such as moir6, a rosette image, or the ike as that which 
appears on the printed color document 12 produced by a color printing machine having a resolution of 2000 DPI (which 
is assumed to be 1 600 DPI in this enixxfiment). The colors of the printed color document 1 2 can accurately be repre- 
ss duced on the color proof CPb by the cola reproduction predicting process and the cdor shifting correcting process. The 
cotor proof CPb can thus easily and inexpensively be generated. 

Because of the anti-aliasing filtering process, it is posstole to remove aliasing noise (also called a false pattern due 
to a beat on the image) produced owing to the resolution of the DP 3, i.e. , a false image structure based on the interference 
between the screen period due to the DP 3 and the resolution of the printer (the resolution of the DP 3). 

30 In the above embodiment since the anti-aliasing filtering process is carried out threshold matrixes 24 having a 
resolution of 48000 DPI higher than the resolution of 2000 DPI of the printed color document 12 are referred to in the 
counting process in the step S12. If the anti-aliasing filtering process is not carried out, however, the counting process 
may be carried out using threshold matrixes having a resolution equivalent to the resolution of 2000 DPI (which is 
assumed to be 1600 DPI in this embodiment) of the printed cola document 12. 

35 FIG. 1 0 shows such a modified counting process. Those parts a steps shewn in FIG. 1 0 which are identical to those 
shown in FIGS. 1 through 9 are denoted by identical reference characters, and will not be described in detail below. 

The comparing process (bit map data generating process) in the step S5 shewn in FIG. 10 is the same as the 
process which has been descrfoed above with reference to FIG. 2. 

For an easier understanding, the DP 3 is assumed to have a resolution erf 400 DPI. Therefore, 16 dots of bit map 

40 data bi corresponding to one bit of the DP 3, i.a, one pixel. 

FIGS. 11Aand HBshowbrt map data bifor plates C, M which correspond to one pixel of the DP 3. It is assumed 
that all elements of remaining bit map data bi fa plates Y, K have a value of "0". The bit map data bi of plates C, M are 
the same as those shown in FIG. 2. 

With respect to each of the pixels of the DP 3, the bit map data bi of the four plates C, M, Y, K (here, the bit map 

45 data bi for plates C, M) are simultaneously referred to, and the area percentage ci for each cola (each of the 2 4 colors 
because there are four plates) is counted iff the counting process in the step S1 2. Fa the pixel shown in FIGS. 1 1 A and 
1 1 B, the area percentage ci of each cola is calculated as follows: 

Color C;cioc c « 3/16 

so 

(When the colors C. M are superposed and viewed in a transmissive manna, an area where the colors C, M are 
siperposed Is represented by the area percentage Cc+m of the cola C + M = B .) 

Color C + M; c^ =2/16 

55 

Color W;c w = 11/16 

(This area percentage represents an area where neither the color C nor the color M is present when the colors 
C, M are superposed and viewed in a transmissive manner.) 
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Remaining colors (13 colors such as the colors Y, K, etc.); The area percentage ci of these remaining colors is nil. 

Then, the colorimetric data Xi, Yi, Zi (i represents 2 4 = 16 colors for the four plates C, M, Y, K) of each of the 16 
colors printed by the printed color document 12, which have been measured by the colorimeter in the step S3, are 
processed into tristimulus value data X, Y, Z, which are average colorimetric data, using the area percentages ci for the 
5 respective colors counted in the step S12 as a weighting coefficient according to the equation (8) given below in a step 
S13. Stated otherwise, the weighted mean of the colorimetric data Xi, Yi, Zi is calculated with the area percentages ci 
fa the respective colors, thus determining new tristimulus value data X, Y, Z. 

X=Lci-Xi 

10 =(3/16)X c .+ (2/16)X c ^+X11/16)X w (8) 

Y = Lei • Yi 
s (3/16)Y C + (^I^YcfM + ( 11 >16)Y W 

15 

Z o £ci • Zi 
= (3/16)Z c + (2/16^^ + (11/16)Z W 

20 The new tristimulus value data X, Y, Z thus generated are supplied to the DP 3 shown in FIG. 10. The DP 3 

converts the new tristimulus value data X, Y, Z, i.e., the common color space data, into pixel data for the three primaries 
relative to the LEDs or the Ita, i.e., inherent color spaced data, with look-up tables (LUTs), and thereafter generates a 
color proof CPb as a hard copy with an image formed on a sheet The LUTs or converting means (conversion tables) 
for converting the common cola space data into the inherent cola spaced data may be positioned outside of the DP 3. 

2$ The color proof CPb thus generated accurately reproduces thereon a false pattern such as moir6, a rosette image, 
a the like which are substantially the same as that appearing on the printed cola document 12. 

Though the resolution of the DP 3 has a relatively lew value of 400 DPI, it is possible to reproduce, on the color 
proof CPb, substantially the same interference stripe such as moir£, a rosette image, a the like as that which appears 
on the printed cola document 12 produced by a cola printing machine having a resolution of 2000 DPI. 

30 Stated otherwise, the cola proof CPb which accurately reproduces thereon the false pattern appearing on the 
printed cola document 12 can be generated inexpensively through a simple arrangement. The colors of the printed 
cola document 12 can also be reproduced with accuracy because the colorimetric data Xi, Yi, Zi are used. 

In the above embodiments, the tristimulus value data X, Y, Z are generated using the colorimetric data Xi, Yi, Zi. 
However, average colorimetric data may be generated using chromaticity data or density data. At any rate, average 

35 colorimetric data in the common cola space may be generated using data measured in a device-independent color 
space (the common color space). 

The present invention is appUcable to trvesholdi^ which halftone dots are arranged at random, i.e., so- 
called FM screens, for the generation of a color proof^ 

An image on a color proof CPb actually generated by the DP 3 ("Pictrography 3000" manufactured by Fuji Photo 

40 Film Co., Ltd.) using the Neugebauer*s equation; an Image OTlfpnnted sheet actually generated by a color printing 
machine, and an image on a cola proof CPb actually gene rat e d a ccord ng to the embodiment of the present invention 
were compared with each other. The cola proof-CPb actually generated according to the embodiment of the present 
invention accurately reproduces a false pattern such as mojr6 l a rosette image, a the like which appears on the printed 
sheet actually generated by the cola printing machine, and also reproduces a coarse finish and a jump finish closer to 

45 those on the printed sheet actually generated by thTcofa^ri^ than the cola proof CPb actually generated 

by the DP 3 using the Neugebauer's equation;- The printed cola document which was compared had a screen ruling of 
1 75, and screen angles of 0°, 1 5°, 45°, and 75 9 for the four plates G M, Y, K. 

While the DP 3 is employed as an image output device inJhe.above embodiment, the DP 3 may be replaced with 
a cola monita having a bit map memory and a bit map display. 

so According to the present invention, as desabed above, when threshold matrixes are corrected depending on the 
type of the print sheet and/a the printing inks that are used on a printed cola document, a when data converted into 
bit map data are corrected depending on the print sheet a cola proof which exhibits a finish equivalent to the finish of 
the printed cola document is accurately and easily generated by a relatively inexpensive image output device having a 
low resolution. . . 

55 Furthermore, when threshold data are corrected using a given parameter depending on the type of the print sheet 
and/a the printing inks that are used on a printed cola document a cola proof can be generated which has a microscopic 
finish depending on the type of the print sheet and/or the printing inks. When image data are processed by corrective 
data for reproducing the surface conditions of the print sheet, a color proof can be generated which has a global finish 
depending on the print sheet 
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According to the present invention, when pixel data to be inputted to a color printer are to be generated, no Neuge- 
bauer's equation is used, but bit map data are used from a novel viewpoint The image data thus generated are supplied 
to the color printer, and a cola proof generated by the color printer accurately reproduces thereon a false pattern such 
as moir6, a rosette image, or the like inherent in a printed color document 
5 The bit map data are used from a novel viewpoint because whereas it has heretofore been believed that a false 
pattern of a printed color document of about 2000 DPI cannot be reproduced by a color printer having a low resolution 
of about 400 DPI, the principles of the present invention are based on a novel arrangement or concept in that as a result 
of efforts to reproduce such a false pattern with a color printer having a low resolution of about 400 DPI, the area 
percentage of each of the colors is counted depending on the pixels of the color printer using bit map data, and used 
10 as a weighting coefficient for colorimetric data for calculating average coiorimetric data 

The reason why a false pattern is reproduced according to the present invention is as follows: A false pattern is 
potentially generated when halftone-dot area percentage data for at least three plates including three primaries are 
converted into bit map data using threshold matrixes having different screen angles. Therefore, a false pattern can be 
reproduced by reproducing a color proof with a color printer which has a string of pixels having a shorter period than 
is the period of the false pattern that is potentially generated. 

Furthermore, the anti-aliasing filter process which is earned out accordng to the present invention is capable of 
removing a beat (an interference between the screen period and the resolution of the color printer) which is a by-product 
of image processing whfle maintaining a false pattern such as moir6 or the like that is significant information. Inasmuch 
as a false pattern such as moir6 or the like is a defect that is necessarily created in a printing process using halftone 
20 dots, it is necessary to reproduce such a false pattern on a color proof. Nevertheless, a beat which is a by-product of a 
simulation process and has no bearing on a printing process should not be produced 

Although certain preferred embodiments of the present invention have been shown and described in detail, it should 
be understood that various changes and modifications may be made therein without departing from the scope of the 
appended claims. 

25 

Claims 

1 . A method of producing a color proof by converting halftone-dot area percentage data (aj) into bit map data (b'j) by 
comparison with threshold data {T 0, j)}, and generating a cola proof (CPb) for a printed color document (1 2) based 

30 on the bit map data (b]) with an image output device (3), comprising the steps of: 

establishing the threshold data {T (i, j)} based on a parameter (RN(SD)} depencfing on a recording medium 
composed of a print sheet and/or printing inks of the printed color document (12); 

converting the halftone-dot area percentage data (aj) into the bit map data (b'j) using the threshold data {T 
(i, j)} thus established; and 
35 producing the color proof (CPb) based on said bit map data (b]). 

2. A method according to ctaim 1 , wherein said threshold data {T (i, j)} are established by processing given threshold 
data {T (i, j)} with a random number (RN(SD)} that is established according to standard deviation data (SD) which 
is said parameter depencfing on a finish of an image recorded by said recording medium. 

40 

3. A method of generating a color proof by converting halftone-dot area percentage data (aj) into bit map data (b'j) by 
comparison with threshold data {T (i, j)}, and generating a color proof (CPb) for a printed color document (1 2) based 
on the bit map data (b]) with an image output device (3), comprising the steps of: 

establishing corrective data {MY (I j)} based on a parameter depencfing on a print sheet of the printed color 
45 document (12); 

correcting the bit map data (bj^With said corrective data {MY (i, j)} ; and 
producing the color proof (CPb) based on the bit map data (b'j) thus corrected. 

4. A method according to claim 3, wherein said corrective data {MY (i. D} are estabOshed as data of a ratio of an average 
so density of an image recorded on the print sheet to local densities thereof. 

5. An apparatus for producing a color proof by converting halftone-dot area percentage data (aj) into bit map data (b'j) 
by comparison with threshold data {T (i, j)} ( and generating a color proof (CPb) for a printed color document (12) 
based on the bit map data (b'j) with an image output device (3), comprising: 

55 standard deviation data holding means (28) for holding standard deviation data (SD) depending on a finish 

of an image recorded by a recording medium composed of a print sheet and/or printing inks of the printed color 
document (12); 

random number generating means (30) for generating a random number {RN (SD)} having a standard devi- 
ation according to said standard deviation data (SD); 
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threshold data holding means (24) for holding threshold data; and 

means for sel ecting standard deviation data, controlling the standard deviation of the random number accord- 
ing to the selected standard deviation data, and correcting the threshold data based on the random number. 

6. An apparatus for producing a color proof by converting halftone-dot area percentage data (aj) into bit map data (b*j) 
by comparison with threshold data {T (i, j)), and producing a color proof (CPb) for a printed color document (12) 
based on the bit map data (b'j) with an image output device (3), comprising: 

corrective data hold ng means (28) for holding corrective data {MY (i, j)} depending on a surface texture of a 
print sheet of the printed cola document (12); and 

means for selecting corrective data (MY (i. j)} depending on the print sheet and correcting the bit map data 
(b'j) with the selected corrective data {MY (i, j)}. 

7. A method of producing a color proof (CPb) with a color printer (3) which forms an image per pixel based on pixel 
data of input image data according to a density gradation process, comprising the steps of: 

referring to threshold matrixes (14) with respect to respective halftone-dot area percentage data (ai) gener- 
ated from an image document (2) for at least three plates including three primaries to convert the halftone-dot area 
percentage data (ai) for the three plates into respective bit map data (bi); 

simultaneously referring to the bit map data (bi) for the at least three plates with respect to respective pixels 
of the color printer to count area percentages of respective colors (2 n colors when the number of plates is n); 

processing predetermined colorimetric data (Xi, Yi, 2) of the respective colors with the counted area per- 
centages as a weighting coefficient, thereby calculating average colorimetric data (X, Y, 2); and 

using said average colorimetric data (X, Y, Z) as the pixel data of the input image data. 

8. A method according to claim 7, wherein said halftone-dot area percentage data for at least three plates comprise 
halftone-dot area percentage data for three plates of colors C, M.Yor halftone-dot area percentage data for four 
plates of colors C, M, Y, K. - - ~ . - 

9. A method according to claim 7, wherein chromaticity data of the respective colors or density data of the respective 
colors are used as said colorimetric data of the respective colors. 

10. A method accorcfing to claim 7, wherein the color printer has a resolution which is lower than the resolution of the 
bit map data. — - .... . - _ ... 

1 1 . A method of producing a color proof (CPb) with a color printer (3) which forms an image per pixel based on pixel 
data of input image data according to a density gradation process, for a printed color document (12) produced by 
a color printing machineTa^rising the steps of:- — — ™ - - - 

referring to threshold matrixes (24), having a resolution higher than the resolution of the printed cdor docu- 
ment (1 2), with respect to respective halftone-dot area percentage data (ai) generated from an image document (2) 
for at least three plates including three primaries to convert the halftone-dot area percentage data for the three 
plates into respective bit map data (b'j); 

simultaneously referring to the bit map data (b'j) for the at least three plates to count area percentages of 
respective colors (2 n colors when the number of plates is n) in a given range of the bit map data (b'j); 

processing predetermined colorimetric data (Xi, Yi, 73) of the respective colors with the counted area per- 
centages as a weighting coefficient, thereby calculating first average colorimetric data (q); 

processing said f frst average colorimetric data (q) successively with an anti-aliasing filter in a range greater 
than the pixels of the color printer t» convert the first average colorimetric data (q) into second average colorimetric 
data (p) corresponding to the pixels of the color printer; and 

using said second average colorimetric data (p) as the pixel data of the input image data. 

1 2. A method according to claim 1 1 , wherein the color printer has a resolution higher than a screen ruling of the printed 
color document 

1 3. A method according to claim 1 1 , wherein said anti-aliasing f iter has such characteristics as to attenuate components 
having frequencies higher than the resolution of the color printer to 30 % or less, and leave 50 % a more of com- 
ponents having frequencies lower than the screen ruling of the printed color document 

14. A method accorcfing to claim 11, wherein said threshold matrixes contain threshold data established based on a 
parameter depending on a recording medium composed of a print sheet and/or printing inks of the printed color 
document. 
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15. A method according to claim 1 1 , wherein said threshold matrixes contain threshold data established based on a 
parameter depending on a recording medium composed of a print sheet and/or printing inks of the printed color 
document, said threshold data being produced by processing given threshold data with a random number which is 
established according to standard deviation data which is said parameter depending on a finish of an image recorded 
5 by said recording medium. 
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